Résumé -Synthèse de zéolithes en présence de cations alkyldiammonium quaternaires comme agents structurants -Cet article présente les résultats de synthèses réalisées pour la plupart en milieu purement silicique, en présence de cations (CH 3 ) 3 N + (CH 2 ) n N + (CH 3 ) 3 (n = 5, 6, 9 ou 10) en milieu fluoré, mais également en présence de cations (CH 3 
INTRODUCTION
The use of diquaternary alkylammonium ions with the general formula R 3 N + (CH 2 ) n N + R 3 as structure directing agents (SDAs) has been widely reported, leading to a variety of zeolites, depending in particular on the length of the polymethylene chain, the nature of the R alkyl group, but also on the nature of the framework atoms or of the mobilizing (OH -or F -) agent [l-15] .
This paper deals with the synthesis of zeolites in the presence of (CH 3 ) 3 N + (CH 2 ) n N + (CH 3 ) 3 ions with n = 5, 6, 9 or 10 in fluoride media, but also in the presence of (CH 3 ) 3 N + (CH 2 ) n O(CH 2 ) n N + (CH 3 ) 3 ions with n = 2 or 4 in hydroxide or fluoride media. The use of the latter kind of SDAs, combining the 2 quaternary ammonium and ether chemical functions, was, to our knowledge, only once reported in the literature, leading to the formation of ZSM-11 in the presence of the 2,2-diethoxy-trimethylammonium cation [16] . Most syntheses are performed in purely silicic systems, a few experiments being also made in the additional presence of aluminium.
EXPERIMENTAL SECTION
(CH 3 ) 3 N + (CH 2 ) n N + (CH 3 ) 3 (n-diquat) with n = 6, 9 or 10 are commercially available under their bromide form (Aldrich), whereas (CH 3 ) 3 N + (CH 2 ) 5 N + (CH 3 ) 3 Br -is prepared by reaction of 1,5 dibromopentane with trimethylamine [17] .
(CH 3 ) 3 N + (CH 2 ) 2 O(CH 2 ) 2 N + (CH 3 ) 3 Br -(BTMAEE 2+ Br -) and (CH 3 ) 3 N + (CH 2 ) 4 O(CH 2 ) 4 -N + (CH 3 ) 3 Cl -(BTMABE 2+ Cl -) are synthesized by reaction of trimethylamine with bis (2-bromoethyl) ether or bis (2-bromobutyl) ether [18] . The corresponding hydroxide forms are prepared by reaction with Ag 2 O.
Silica sources are Aerosil 130 (unless otherwise specified) from Degussa in hydroxide media or tetraethoxysilane in fluoride media, alumina sources are Al(OH) 3 (Reheis Ireland) or sodium aluminate (Carlo Erba) in hydroxide media or aluminium triisopropoxide in fluoride media.
Precursor gels are prepared as follows: -dissolution in the required amount of water of the organic template source (halide or hydroxide) and possibly of the inorganic base (NaOH); -addition of the optional aluminium source, followed by 30 min stirring; -addition of the silica source, followed by 45 min (hydroxide media) or 14 h (fluoride media) stirring; -addition of HF aqueous solution, followed by 15 [19] ). Without seeds and in unstirred systems, the recovered products are made of kenyaite, amorphous phase, quartz and ZSM-48 zeolite (and also MTN-type material at 200°C) in various proportions. Clearly the formation of ZSM-48 zeolite in the presence of the BTMAEE 2+ cation is logical, considering the close morphological features of the BTMAEE 2+ and HM 2+ cations. Figures 1 and 2a ,b display respectively a typical X-ray diffractogramm and typical micrographs (acicular crystals) of pure ZSM-48 samples. According to TG/ATD experiments and elementary analyses, the amount of occluded organics corresponds to about one SDA per unit cell (48 T atoms), with a small amount of incorporated water (ca. 0.5 wt.%) and sodium cations (ca. 0.4 ion per u.c.). The introduction of aluminium in the synthesis mixtures, even in low amounts, slows down the crystallisation rate and favours the co-crystallisation of the MTW-type zeolite (see Tab. 
1).
A pure (Si,Al) ZSM-48 zeolite sample (Si/Al ≈ 120) could however be obtained from a gel with the same Si/Al molar ratio in presence of seeds, in stirred system and using a more reactive silica source, Aerosil 380. The 27 Al MAS NMR spectrum (not shown) of the as-made (Si/Al) ZSM-48 zeolite sample, displays a single signal at 48 ppm/Al(H 2 O) 6 3+ , characteristic of tetrahedrally coordinated aluminium.
Syntheses were also performed in fluoride media (gel composition: 1 SiO 2 ; 0-0.02 Al 2 O 3 ; 0.25 BTMAEE(OH) 2 ; 0.5-1 HF; 2-10 H 2 O) and allowed the formation of the ASTtype clathrasil, the RUT-type zeolite (Si/Al 13) and again the ZSM-48 zeolite (see Tab. 2). After 7 days at 170°C, from purely siliceous mixtures, an amorphous phase or a mixture of ZSM-48 zeolite and AST-type material (prolongation of the synthesis time up to 15 days led to a pure AST-type material) is obtained under unstirred or stirred conditions respectively, whereas a (Si,Al) mixture led to the RUT-type material. H 1 liquid NMR and 13 C MAS NMR of the AST-and RUT-type materials are consistent with the presence of the only organic species N(CH 3 ) 4 + , arising from the decomposition of the initial BTMAEE 2+ ion. 19 F MAS RMN shows the usual single peak at -39 ppm/CFCl 3 , characteristic of F -ions occluded in D4R units, for the AST-type material and no signal at all for the RUT-type material. Note that Patarin et al. [20] prepared in fluoride media the RUT-type material in the presence of N(CH 3 ) 4 + ions and proposed to assign the small signals observed at -58 and -73 ppm/CFCl 3 on the 19 F MAS NMR spectrum to F -ions occluded in micropores [21] . The syntheses performed under stirred conditions at 150°C from purely siliceous mixtures led to the AST-type material or to the ZSM-48 zeolite, depending on the dilution of the mixture, with a H 2 O/SiO 2 molar ratio equal to 5 or 2, respectively. This phase selectivity change agrees with the previously reported observations in fluoride media [22] [23] , the formation of the less dense phase being favoured in concentrated systems. The powder X-ray diffractogramm and morphology of the ZSM-48 sample are analogous to the ones reported before (Figs. 1, 2a, b ), but according to 1 H liquid NMR, the BTMAEE 2+ is this time the only detected organic species as expected at the lower pH values used in fluoride media. 19 F MAS NMR spectrum of the ZSM-48 sample No. 13 (Fig. 3a) shows the presence of a main signal at around -72 ppm/CFCl 3 , characteristic of F -ions located in the channels of zeolites [21] . According to the elementary and thermal analysis results, the formula per u.c. is close to 1.64 BTMAEE 2+ ; 2.3 F -; 48 SiO 2 for this ZSM-48 sample. The F/N molar ratio is surprisingly much lower than 1 (about 0.7), which might be related to the presence of (Si-O) 3 SiO -defects, although such kind of defects are rarely found in pure silica zeolites prepared in fluoride media [24] . The larger amount of BTMAEE 2+ per unit cell in this sample prepared in fluoride medium, in comparison to the sample obtained in hydroxide medium, must also be underlined. In consideration of the previous observations concerning the stability, the longer BTMABE 2+ cation (chloride form) was only tested in purely siliceous fluoride media at 170°C (Tab. 2). With increase of the H 2 O/SiO 2 ratio in the reaction mixture, the formation of the AST-type clathrasil, a mixture of the latter and zeolite beta, and finally ZSM-48 zeolite was observed. This selectivity change is apparently not in agreement with the usual observations [22, 23] . Actually, concentrated mixtures favour the decomposition of the BTMABE 2+ ion, as evidenced by the 1 H NMR spectra of samples 14 Figure 2c displays the corresponding morphology, with bundles of acicular crystals. Besides, the 19 F MAS NMR spectrum of the ZSM-48 sample shows the presence of a main signal at around -72 ppm/CFCl 3 , close to the value found before. Note finally that a slight change in the synthesis conditions (see experiments No. 16 and 17) leads to the formation of an MFI-type zeolite instead of the ZSM-48 zeolite, which might be due to a lower pH and/or a higher fluoride concentration.
Syntheses in the Presence of the n-Diquat
The gel composition is the following: 1 SiO 2 ; v (0.125-0.5) n-diquat(OH) 2 ; y (0.25-1 HF); z (2-10) H 2 O. The most representative syntheses are described in Table 3 and are performed at 170°C for 7 days under static or stirred conditions. In the presence of diquat-6, the phase selectivity changes upon dilution of the system from the very open zeolite ITQ-13 [13, 14] to the medium-pore ZSM-48 zeolite, in agreement with previous observations [22, 23] . In both products, 13 C MAS NMR and 1 H liquid NMR spectra (not shown) reveal that the only occluded organic species is the diquat-6 cation. The 19 F MAS NMR spectra show the presence of two signals at around -39 ppm (F -ions occluded in double four ring units) and -66 ppm in ITQ-13, and again, of one main signal at around -72 ppm in the ZSM-48 sample. The latter sample displays the usual acicular morphology. The weight loss up to 1000°C lies around 7.6% and corresponds to the cumulated amounts of diquat-6 (6.8%) and F -(0.73%). The formula per u.c. cell is thus 48 SiO 2 : 1.04 diquat-6: 1.2 F -. The too small amount of F -ions to compensate for the positive charges of the organic cations was already observed above.
The syntheses in presence of diquat-9 or diquat-10 with z = 5 lead to the beta zeolite displaying the usual square bi-pyramidal morphology (Fig. 2d) . According to thermal analyses and 1 H NMR spectroscopy about 2 diquat cations are occluded per unit-cell, the organic weight content (about 16.5%) being close to the value found for zeolite beta prepared with tetraethylammonium cations [25] . The F -/diquat molar ratio is again anomalously low, actually only slightly higher than 1, instead of being close to 2, may be due to the presence of some 3 Q connectivity defects. The 19 F MAS NMR spectrum (Fig. 3b) display as expected two signals at -71.5 and -59 ppm/CFCl 3 , together with a small additional signal at around -39 ppm. The latter signal, characteristic of D4R units could be due to the presence of domains of BECtype zeolite, as already observed by Camblor et al. [26] for zeolite beta prepared with different templates. In the presence of diquat-9, a less open zeolite (MFI-type zeolite) is formed from a more diluted system (z = 10, Exp. 23) [22, 23] . The corresponding 19 F MAS NMR spectrum (Fig. 3c) shows a signal at about -67 ppm/CFCl 3 . This value is slightly different from the value reported when the silicalite-1 is prepared with tetrapropylammonium [27] . Note that only the diquat-9 cation is detected by the 1 H NMR spectroscopy. The corresponding X-ray diffractogramm is given in Figure 4 as well as a micrograph revealing a rather unusual rod-shaped morphology for this zeolite. In the most concentrated system (z = 2, Exp. 22) the formation of the AST-type clathrasil is clearly unexpected and is actually due to the fact that, under these conditions, the only evidenced occluded species are the N(CH 3 ) 4 + or N(CH 3 ) 3 species arising from the degradation of the diquat-9 cation.
Finally, the use of the diquat-5 cation leads to the formation of the ZSM-48 zeolite or of the AST-type clathrasil, according to whether the system is diluted or concentrated (Exp. 25 or 24 respectively). The 19 
CONCLUSION
Two new SDAs associating both the quaternary ammonium and ether chemical functions, namely the bis (n-trimethylaminoethyl)ether and the bis (n-trimethylaminobuthyl) ether were used in hydroxide and fluoride media. Although these templates decompose more or less strongly, depending on the synthesis conditions, they allow the crystallisation of pure ZSM-48 zeolite samples, mainly in the purely siliceous form. Used in purely siliceous systems, the 5-,6-,8-and 9-diquat cations led in fluoride media to several zeolites, namely, ZSM-48, ITH-, BEA-and MFI-type zeolites. ZSM-48 is obtained in the less concentrated systems in the presence of diquat-5 and diquat-6, whereas in more concentrated systems AST-type material or ITQ-13 (ITH) zeolite are obtained, respectively. The latter formation of AST-type material is related to the observed lower stability of diquat-5 compared to diquat-6 in these conditions. Diquat-9 and diquat-10 led to beta zeolite. Concentration of the reaction mixture in the presence of diquat-9 led to the AST-type material (degradation of the template), whereas dilution of the system allows the formation of a MFI-type zeolite. The relationships between the morphological features of the templates and the porosity characteristics of the obtained zeolite (monoor tri-dimensional system of channels delimited by 10-or 12-membered rings) are clearly very complex and are strongly influenced by the other synthesis parameters. X-ray diffraction pattern and scanning electron micrograph of MFI-type zeolite sample No. 23.
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